The effects of baking with broccoli powder on the consumer perception and sensory characteristics were investigated using a model system of cookies incorporated with broccoli powder as a value-added food ingredient. Broccoli powder was incorporated into cookie dough at 5 levels (0%, 1%, 2%, 3%, and 4%, w/w) by replacing equivalent amount of wheat flour of the cookie dough. After aging and sheeting, cookies were baked at 170 o C for 8 min in an oven. The baked cookies were cooled to room temperature for 1 hour and packed in airtight bags prior to all measurements. Control received the most favorable mean score, which was not significantly different from samples with 1% broccoli powder for color preference (p>0.05). Results of the consumer preference on taste showed a similar trend. Consumers did not find any significant differences on aftertaste and flavor among samples prepared by replacing wheat flour with up to 2% broccoli powder (p>0.05). Overall, incorporation of 1% broccoli powder in the formulation would result in the most favorable broccoli cookies for the consumers without sacrificing the sensory qualities, while still taking advantages of health benefits of broccoli. Correlation analysis indicated that broccoli powder concentration was significantly negatively correlated with the consumer preference for color, taste, aftertaste, flavor, overall acceptability and positively correlated with sensory color, taste, and flavor (p<0.05). Consumers' color, taste, aftertaste, and flavor were well correlated with the overall acceptability (p<0.05). Sensory intensity results are also presented.
INTRODUCTION
Broccoli is one of the major agricultural products commonly consumed around the world. Broccoli belongs to Brassica family and is a rich source of health-promoting phytochemicals, including glucosinolates, flavonoids, vitamins, and minerals (1) (2) (3) (4) . Many studies have indicated its health benefit effects; for example, the consumption of broccoli is inversely related with the occurrence of cancer in human (5) . Broccoli is also a significant source of quercetin (6) , phenolics, ascorbic acid, carotenoids (7) , calcium, folic acid, and fiber content (8) . In addition, intake of cruciferous vegetables such as broccoli significantly reduced the risk of a number of cancers, even with as little as 10 g/day (9, 10) .
As modern food processing is aimed at manufacturing safe, convenient, and health-promoting food products, much attention is given to develop healthy functional food products. Among them, cookies have been one of the most favored baking products whose properties can be easily improved by incorporating various kinds of food ingredients. Many studies have been reported so far for the quality of cookies prepared with various functional food ingredients (11) (12) (13) (14) (15) (16) (17) (18) .
Identification of ways to incorporate broccoli as a health food ingredient in human diet and use of the vegetable as a value-added food component could provide many health benefits. Despite previous investigations, information on the potential for incorporation of broccoli powder in bakery products such as cookies and its contribution to sensory characteristics and consumer acceptance of the final product are scant. Therefore, the objectives of this research were to evaluate the impact of baking on sensory properties and consumer preference for cookies incorporated with different levels of broccoli powders. The data generated by this experiment will provide consumer experimental data to help develop new types of value-added or functional foods.
MATERIALS AND METHODS

Preparation of raw materials
Fresh broccoli, harvested in April 2008, was obtained from Chungtaesan Farm located in Hoengseong-gun, Gangwon-do, Korea. The soft wheat flour (ranked 1st; CJ Corp., Seoul, Korea), granulated sugar (CJ Corp., Thermo Electron Corp., Asheville, NC, USA). Dehydrated broccoli was milled using an analytical mill (DA-282, Daesung Artlon Co., Ltd., Paju, Gyeonggi-do, Korea) at maximum speed for 90 sec and sieved to yield particle sizes less than 150 µm. Broccoli powders were then placed in a desiccator containing silica gel prior to cookie making, all of which took within one day.
Dough preparation and baking
Ingredients were mixed in a Kitchen Aid mixer (model 5K5SS, Whirlpool Corp., St. Joseph, MI, USA) using a flat beater attachment as described in AACC method 10-52 (19) by substituting up to 4% (wt.) of broccoli powder based on the total weight of the soft wheat flour and broccoli powder mixture given in Table 1 . The dough was aged for 2 hr in a 4 o C refrigerator and then sheeted to a thickness of 0.4 cm using a rolling pin. The cookies were cut with a cookie cutter to a 4 cm diameter and transferred to a lightly greased baking tray. The cookies were baked at 170 o C for 4 min, then the tray was rotated and baked for another 4 min in a multi-functional convection oven (model GOR-704C, TongYang Magic Corp., Seoul, Korea). The baked cookies were cooled to room temperature for 1 hr and packed in airtight bags.
Consumer testing
The consumer test, an acceptance test, was conducted on 50 adults (25 females, 25 males aged between 20 and 29 years old). The subjects were informed that the cookies were made by adding various amount of broccoli powder. All samples were labeled with randomly-generated three-digit numbers and five samples were presented in random order. Participants were asked to smell before tasting each sample of cookie. After evaluating each sample, participants judged color, flavor, taste, chewiness, aftertaste, and overall acceptability using a structured numeric scale of nine points (9-point hedonic scale), wherein 9=like extremely, 8=like very much, 7= like moderately, 6=like slightly, 5=neither like nor dislike, 4=dislike slightly, 3=dislike moderately, 2=dislike very much, and 1=dislike extremely. Consumers received a tray containing the samples, a glass of water, and an evaluation sheet. Participants were asked to rinse their palates between samples and break for 30 seconds. Enough space was given to handle the samples and the questionnaire, and the evaluation time was not constrained.
Sensory analysis
A panel of 10 assessors (6 females, 4 males aged between 20 and 26 years old) were selected from the students in the Department of Food Science and Engineering at Daegu University (Gyeongbuk, Korea). The assessors were screened by conducting 10 sets of triangle tests discriminating taste between samples containing 2 or 4% broccoli powder under red fluorescent light. Those who correctly answered more than 60% of the tests were passed as potential panelist for further training. On each day, assessors received a total of five samples and a 2 min interval was allowed between each sample to reduce the likelihood of carryover. Each assessor was provided with water and asked to cleanse their palate between testings. Sample attributes were scored on 7-point category scales, wherein 7=extremely strong, 6=moderately strong, 5=slightly strong, 4=neither strong nor weak, 3=slightly weak, 2=moderately weak, and 1=extremely weak. Flavor and hardness were evaluated under red fluorescent light while color was done under regular fluorescent light.
Statistical analysis
The statistical analysis was done using the SAS Statistical Analysis System for Windows v9.1 (SAS Inst. Inc., Cary, NC, USA). The means were compared with Duncan's multiple range test at 5% level of significance and Pearson correlation coefficients were also determined. 
RESULTS AND DISCUSSION
A 9-point hedonic scale was used to determine which cookies incorporated with different levels of broccoli powder were preferred by the majority of consumers. Table 2 shows the mean scores of consumer acceptance results for the several attributes including color, taste, aftertaste, flavor, chewiness, and overall acceptability whilst Fig. 1 presents the spider charts on each attribute, respectively. In terms of color, the control and 1% sample received the comparatively favorable mean scores of 7.42 and 6.78, respectively, with no significant difference (p>0.05), followed by 2% sample. On the other hand, 4% sample received the lowest mean score of 3.78 with respect to color among all samples tested (p<0.05). In fact, color acceptance decreased as the percent of broccoli incorporation increased in the formulation. Similar results were reported for cookies containing various levels of aged garlic where color preference decreased as the aged garlic content increased from 0 to 7% (18) .
The consumer preferences on taste and aftertaste were also significantly affected by the amount of broccoli powder incorporated in the sample (p<0.05). The scores of taste and aftertaste acceptability varied from 4.50 to 6.90 and 4.36 to 6.12, respectively. It is noted that the control and 1% sample received significantly higher scores of taste and aftertaste acceptability (p<0.05).
The mean scores of flavor acceptability ranged from 4.38 to 6.46. The control and samples with 1% and 2% broccoli powder received significantly higher mean scores than those of 3% and 4% samples (p<0.05). There were no significant differences found among control, 1%, and 2% samples nor between 3% and 4% samples in terms of consumer flavor acceptability (p>0.05). Thus, the consumers appeared to accept the broccoli flavor in the cookies unless it became too strong. Similar findings were reported for Gochujang made with strawberry puree (20) , tofu made with Yakong (21), and Baikseolgi made with strawberry powders (22) .
The consumer preference of chewiness was not significantly affected by the amount of broccoli powder incorporated in the sample (p>0.05). The scores of chewiness acceptability varied from 5.20 to 5.92, and were not significantly different from each other (p>0.05). This also indicates that all samples were considered to be somewhere between "neither like nor dislike" and "like slightly". Notwithstanding, it is noted that cookies with 1% broccoli powder received the highest score for chewiness acceptability. Seog et al. (23) also reported no significant differences in chewiness acceptability among tofu samples containing up to 3% of water dropwort juice. In addition, the broccoli powder incorporation in the cookie formulation did not appear to be a strong factor for the consumer preference on chewiness.
With respect to overall acceptability, control samples received the highest mean score of 6.62; however, that is not significantly different from that of 1% and 2% samples (p>0.05). Four percent (4%) samples received the lowest mean score of 4.16, a significantly lower score than those of others except for 3% sample (p<0.05). It is noted that incorporation of broccoli powder up to 2% in the formulation of cookies did not significantly influence the consumers' acceptability in all attributes tested except for color. Therefore, incorporation of 1% broccoli powder in the formulation of cookies would be recom- mended to take advantage of health benefits of broccoli without sacrificing the color acceptance by the consumers. The results of the sensory analysis are presented in Table 3 . Intensity scores for cookies showed that sensory color, taste, and flavor attributes were significantly affected by different levels of broccoli powder incorporated in the formulation of cookies. Increases in broccoli powder concentration up to 4% in the cookie formulation significantly increased the intensities of sensory color, taste, and flavor attributes (p<0.05). It is interesting to note that sensory hardness was not affected by broccoli powder concentration (p>0.05) although the physical measurements indicated otherwise (24) . Lee and Oh (25) also reported that significant differences were found in mechanical hardness (p<0.05) but not in sensory hardness (p>0.05) among cookie samples with 0～30% brown rice flour.
The correlation among all consumer attributes and sensory attributes for cookies incorporated with different levels of broccoli powder is given in Table 4 . Consumers' overall acceptability attribute had a significant negative correlation to broccoli concentration and significant positive correlations to all the consumer attributes including color, taste, aftertaste, and flavor (p<0.05). Color, taste, aftertaste, and flavor consumer attributes negatively correlated with broccoli concentration (p<0.05) whilst chewiness had no correlation to any of the attributes measured (p>0.05). All sensory attributes, except for hardness, had significant positive correlations to broccoli concentration (p<0.05). Finally, the hardness sensory attribute also had no correlation to any of the attributes measured.
